The sesquiterpenic lactones of the family Compositae represent a group of compounds that appear to be of common origin and formed by closely allied biosynthetic processes. They provide an attractive means for further assessing the potential value of chemical characters in chemosystematics, and for examining presently accepted classifications within the family.
INTRODUCTION
The tribe Anthemideae of the family Compositae includes about sixty genera and over nine hundred species. The largest and most widely distributed of these is the genus Artemisia, comprising some four hundred speciesl. Because of the applications of Artemisia in the practice of folk medicine (infusions for various gastrointestinal and haemorrhagic disorders; moxibustion); the use of A. absinthium as the source of a widely used bitter flavouring principle (wermut, or wormwood; vermouth, absinthe); and the early use of santonin as an important vermifuge, this genus has been the subject of many chemical investigations for over a century. Much of the earlier study was directed to a search for new sources of santonin, with the result that this compound is known as a constituent of about twenty species of Artemisia 2 • Recent years have seen an expansion of studies of Artemisia as a part of an increasing interest in the chemistry of plants of the Compositae, principally with respect to the sesquiterpene lactones, a dass of compounds almost unique to this family3.
The compositae comprise about 20 000 species4, usually divided into about thirteen tribes. Some 170 sesquiterpene lactones are now known in the family, derived in largest part from six tribes: Helenieae, Inuleae, Ambrosieae, Anthemideae, Cynareae and Senecioneae. Although the chemical investigations that have been carried out to the present time embrace less than one per cent of the known species of the family, certain chemotaxonomic hypotheses appear to be taking form from these studies.
The results arestill rather meager, but it is to be anticipated that continuing accumulation of chemical information will aid in bringing about an increased understanding of taxonomic and phylogenetic relationships between the plants of this family.
The genera of the tribe Anthemideae from which sesquiterpenes have been isolated are Artemisia, Achillea, Chrysanthemum, Anthemis, Tanacetum and Matricaria. Of these, about 45 species of Artemisia have been examined; it is with these that this article will be largely concerned. Several schemes of subclassification of the genus have been used, the one usually adopted being that, after Besser and DeCandolle, in which four sections are recognized. The floral characters which differentiate them are described by the following key5:
Head heterogamous, marginal flowers pistillate.
Central flowers fertile, their achenes normally developed. Ward has remarked that these groupings may not be natural, for members of particular sections often differ markedly in other characters-habit, foliage, inflorescence, and so on-and members of different sections are often distinguished only by the floral characters that delimit the sections6. Nevertheless, to provide a form for the discussion to follow, this classification will be used. The implication that the chemical data are being used to support or dispute the relationships reflected in this arrangement is necessarily inherent in this form of presentation. Yet what is being done is no more than to introduce chemical constituents as additional characters, giving them a posteriori weighting with the aim of refining, altering or supporting the hypothesis represented by the classification with which the data are compared. Since the goal of taxonomic classification is the construction of an arrangement that reftects the evolutionary relationship between the groups that are being dealt with, it is to be hoped that the ultimate result of the introduction of chemical characters, which may mirror the genetic background of a plant more accurately than do many other phenetic characters, will be to add to the phyletic significance of the intimate biosynthetic mechanisms; it is in the latter that the phyletic relationships will best be discerned.
THE SESQUITERPENE LACTONE CONSTITUENTS
The sesquiterpene lactones of the Compositae include six principal structural classes having the carbon skeletons shown in Figure ] Certain characteristics of some of the sections and sub-sections of the genus Artemisia are, however, to be discerned.
Section Dracunculus
The most conspicious feature of the chemistry of the section Dracunculus is the complete absence of the sesquiterpene lactones that are present in all ofthe other sections. That this is a characteristic ofthe section is a conclusion that must be held in reserve until a larger number of representative species are examined; but from the experience ofthe authors it would seem probable that lactones, if present, would have been encountered by some of those who have studied these plants in the past. An examination of A. pycnocephala DC. in this laboratory failed to disclose their presence in this species.
The three species of the section Dracunculus that have been examined are characterized by their content of coumarins, often in considerable amount. Although coumarins do not appear to be of taxonomic or phylogenetic significance in the genus, they are common constituents in several of the sections and so are recorded here ( Figure 2 ). Much further study of this section is needed before the absence of sesquiterpene lactones can be regarded as an established chemical character.
Section Absinthium. Five species13 of the section Absinthium have been investigated in detail.
Only guaianolides have been found, and it is ofinterest to observe that, with the exception of deacetylmatricarin from A. austriaca, these compounds are proazulenes or proazulenogens ( Figure 3 ). The close relationship of artabsin to arborescine, and of sieverin to globicin is apparent from their structures. Artabsin can be derived by loss of water from the glycol corresponding to the epoxide, arborescine. Deacetylmatricarin (VIII), which is not a proazulenogen, is also characteristic of several species in the sections Abrotanum and Seriphidium. It is A. austriaca Jacq. 13 Figure 3 . Guaianolides of section Absinthium apparent that VIII represents a more oxidized state than sieverin (VI) or globicin (VII) and thus is a step along the path of increasing structural complexity. The possible phylogenetic significance (if any) of differing oxidation Ievels in related compounds is still unknown22, and it must suffice here only to call attention to the uncertain taxonomic position13 of A.
austriaca and the presence of VI li in this species.
These observations, scanty though they are, are consistent with the assignment of A. absinthium, A. arborescens, A. sieversiana and perhaps A. macrocephala to positions of close affinity. The position of A. austriaca cannot be clarified from the evidence available, for it is to be noted that two species of the genus Matricaria contain matricarin (XII) (acetate of VIII) and globicin (VII). Thus, neither of these compound types appear to have taxonomic weight.
Section Abrotanutn
Eight species of this section have been studied in some detail23. Unlike Absinthium, both guaianolides and santanolides have been isolated from species of this section. Among the guaianolides (Figure 4 A. bigelovii is regarded as a member of the section Abrotanum by Ward6 and by Hall and Clements30, but is placed in a group of Seriphidium species classed as the section Tridentatae Rydb. by Beetle31, Again, the wide • structural diversity found in the compounds of the sections Abrotanum and Seriphidium (and, indeed, in that section of the latter set apart as the Tridentatae-see below) provides no common point of reference from which to seek a relationship between section classification and chemical structure.
Section Seriphidium
Species placed in this section appear, from their chemical characteristics, to belong to two, perhaps three, large groups. One of these, consisting of Old World species, contains santonins (a-and ß-) along with a number of santanolides of more or less closely related structures. A second group, including the large section classified by Beetle31 as Tridentatae and represented by the western sagebrushes, contains no santonin and is characterized principally (but not uniquely) by the presence of guaianolides. A. balchanorum Krasch. is unique in that it is the only species of the section that has yielded germacranolides.
The santonins are the most frequently described constituents of the section Seriphidium)· some eighteen or twenty Old World species (taking into account synonymy) have been found to contain a-or ß-santonin, or, in some cases, both ( Figure 6 ). The species starred(*) in Figure 6 have yielded additional compounds; in all but one case (A. juncea) these are santanolides (Figure 7) 39. It will be noted that, without exception, all of the santanolides of these species contain the saturated lactone (i.e., CH-CH3 at C-11, 13).
Santanolides are not, however, confined to the santonin-containing species.
Compounds of this dass that have been isolated from other Seriphidium species are shown in Figure 8 . Species of the section Seriphidium that lack santonin, although not lacking in santanolides (see Figure 8) , appear to be more typically characterized by the presence of guaianolides (Figure 9) . A. tridentata (both species studied), A. nova, and A. tripartita rupicola contain guaianolides in large amount, often approaching I per cent by weight of the dry plant. The santanolides which accompany the guaianolides in these plants are present in very minute concentrations, requiring elaborate manipulative techniques for their isolation. Observations of this kind again point up the necessity that should be recognized by phytochemists for conducting detailed searches for minor constituents, for it is probable that these will prove to have an importance in chemotaxonomic or chemophylogeny equal to that of the prominent consti tuents. A. monogyna Wald. balchanorum from the pattern of Iactone composition of other members of the section in which it is placed seems to set this species apart. It is clear, however, that even in this section, more members of which have been examined than of any of the other three, too little is known to press speculation further.
Artemisia balchanorum Krasch. is unique not only in the section

RELATED GENERA OF THE TRIBE
The close affinity of the several genera of the Anthemideae is borne out by the occurrence in Achillea, Matricaria and Chrysanthemum of either the same [matricarin (XII), matricin (X)] or closelyrelated [santamarine35, douglanine (XV)] compounds in these genera and in Artemisia. The force of o bservations of this kind is, however, greatly lessened by the discovery that two Artemisia species and two Ambrosia species also contain identical guaianolides, namely, the cumambrins (XXX, XXXI). Other findings in the author's laboratory reinforce the view that single compounds are unreliable guides to taxonomic affinities-at least, as taxonomic classifications are presently made. For instance, the compound eupatoriopicrin, first isolated from Eupatorium cannabium L., (tribe Eupatorieae), has recently been found as a prominent (in some cases nearly the only) constituent of Venegasia carpesoides DC., Eriophyllum staechadifolium Lag. var. artemisiaefolium (Less.) MeEr. and Chaenactis carphoclinia Gray, all members of the tribe Helenieae5I.
Eupatoriopicrin, a germacranolide, is close to the biosynthetic origin of the sesquiterpene lactones and, like costunolide, may be of wide and nonspecific occurrence in the family for this reason. A similar comment may be made in respect to the cumambrins (XXX-XXXII), found in both Artemisia and Ambrosia species. Cumambrin can be seen tobe derivable by a simple and nonexceptional ring closure of a germacranolide, and is not the result of involved and unique structural elaborations ( as are, for example, santonin, the matricarin derivatives, and many of the ambrosanolides). The formation ofpart ofthe structure ofa cumambrin by an oxidative cyclization of a germacranolide is suggested in the formulation of Conjectures such as these, tentative as they are, emphasize what in the view of many phytochemists53 is the principle of biochemical systematics, namely, that considerations of chemosystematics should be based primarily upon biosynthetic pathways. The sesquiterpene Iactones appear to be a group of compounds ideally adapted to this purpose. They represent a large dass of compounds nearly unique to a discrete group of higher plants, and have what may be assumed tobe a common biosynthetic origin from which they are elaborated in a limited number of ways. This elaboration of structure is the control of genetic factors which will ultimately determine the phylogenetic description of the family.
SUMMARY
In only two groups of species within the genus Artemisia do chemical characters appear at present to have taxonomic utility; but it must be recognized that the evidence upon which any use to which chemical characters might be put is still scanty in the extreme.
No species presently classed in the section Dracunculus has so far yielded a compound of the sesquiterpene Iactone dass, and these plants are notably richer in coumarins than are species of other sections. It is noteworthy that the genus Oligosporus Cass., distinguished from Artemisia by a morphology that differs markedly from that of the other sections, is what now corresponds to the section Drancunculus. If the absence of sesquiterpene Iactones in this section is confirmed in the examination of additional species, it may be suggested that the early separation of the section as the distinct genus Oligosporus should be reconsidered by taxonomists.
The santonin-containing species of the Seriphidium are distributed throughout the Section (per Poljakov) Seriphidium of Poljakov's subgenus Seriphidium, and include a number of Asian species; yet santonin has not been found in any Artemisia indigenous to the N ew World. Hall and Clements suggest that the North American Seriphidium may have developed independently of the Old World species, and that both arederivatives of Abrotanum. While not a compelling argument, the presence of the same or structurally similar guaianolides in several Tridentatae and in several Abrotanum species suggests a close genetic affinity between these groups. The presence of vulgarin (tauremisin) in both Seriphidium and Abrotanum is consistent with this view.
Continued chemical investigation of the chemistry of Artemisia species of as many different kinds as can be obtained will undoubtedly provide information that will at length make it possible for chemistry to contribute to the taxonomy and phylogeny of this large and interesting genus. Moreover, because of the several examples of chemical similarities between Artemisia and Ambrosia, it may be expected that continued comparative sturlies of these two genera ( or of the tribes to which they belong) will provide further valuable information that will bear upon the phylogenetic relationships between them54.
